
1 FÓRMULAS

1. Fórmulas
Box 1 - Fórmulas matemáticas

(
eA
)† = eA

†
det eA = eTrA d

dx
exA = AexA eAeB = eA+B+ 1

2 [A,B]+... (
eA
)−1 = e−A

Box 2 - Fórmulas relatividad

pµ ∼
[
E/c
p

]
= mγ

[
c
v

]
∼
[
i∂0

−i∇

]
︸ ︷︷ ︸
En cuántica

E2

c2
= p2 +m2c2

β = v

c

γ =
(
1− β2)−1/2


∂µ

def= ∂

∂xµ

∂µ
def= ηµν

∂

∂xν
∼
[
∂t
−∇

] �2 = ∂µ∂µ xµ = ηµνx
ν


xµ ∼

[
t
x

]
Contravariante

xµ ∼
[
t
−x

]
Covariante

Box 3 - Fórmulas isospín y SU(3)

BarionesMesones
I

U V

3⊗ 3⊗ 3 = 10S ⊕ 8MA ⊕ 8MS ⊕ 1A 2⊗ 2⊗ 2 = 4S ⊕ 2MA ⊕ 2MS 3⊗ 3̄ = 8⊕ 1

[
Λi , Λj

]
= ifijk Λk

Λi ∼
{
λi En quarks
λ̄i = −λ∗i En antiquarks



f123 = 1

f147 = −f156 = f246 = f257 = f345 = −f367 = 1
2

f458 = f678 =
√

3
2

fijk = −fjik = −fikj etc.



I± =
Λ1 ± iΛ2

2

U± =
Λ6 ± iΛ7

2

V± =
Λ4 ± iΛ5

2

Quarks→



I+


|u〉
|d〉
|s〉

 =

 0
|u〉
0


I−


|u〉
|d〉
|s〉

 =

|d〉00




U+


|u〉
|d〉
|s〉

 =

 0
0
|d〉


U−


|u〉
|d〉
|s〉

 =

 0
|s〉
0





V+


|u〉
|d〉
|s〉

 =

 0
0
|u〉


V−


|u〉
|d〉
|s〉

 =

|s〉00


Antiquarks→



I+


|ū〉∣∣d̄〉
|s̄〉

 =

−
∣∣d̄〉
0
0


I−


|ū〉∣∣d̄〉
|s̄〉

 =

 0
− |ū〉

0





U+


|ū〉∣∣d̄〉
|s̄〉

 =

 0
− |s̄〉

0


U−


|ū〉∣∣d̄〉
|s̄〉

 =


0
0
−
∣∣d̄〉




V+


|ū〉∣∣d̄〉
|s̄〉

 =

− |s̄〉0
0


V−


|ū〉∣∣d̄〉
|s̄〉

 =

 0
0
− |ū〉
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Box 4 - Fórmulas de ecuaciones de onda relativistas

Klein-Gordon (
∂µ∂µ +m2)φ = 0

Dirac (iγµ∂µ −m)ψ = 0

ψ
(←−
∂ µγ

µi+m
)

= 0
ψ

def= ψ†γ0 HDirac libre = γ0m+ γ0γ · p Jµ = ψγµψ ∂µJ
µ = 0

Soluciones base Dirac→


ui = e−ikx

[
ξi

k·σ
k0+mξi

]
E > 0

vi = eikx
[
k·σ
k0+mξi
ξi

]
E < 0


ξ1 =

[
1
0

]
ξ2 =

[
0
1

] Espín→


S = 1

2Σ

Σ ∼
[
σ 0
0 σ

]



{γµ, γν} = 2ηµν1← Clifford
(γµ)2 = 1ηµµ

(γµ)† =
{
− γµ para µ 6= 0
γµ para µ = 0

(γµ)† = γ0γµγ0

γ5 def= iγ0γ1γ2γ3 (
γ5)2 = 1{

γ5, γµ
}

= 0

Base de Dirac

γ0 =
[
1

−1

]
γi =

[
σi

−σi

] Base de Weyl

γ0 =
[

1

1

]
γi =

[
σi

−σi

]

σx =
[
0 1
1 0

]
σy =

[
0 −i
i 0

]
σz =

[
1 0
0 −1

] {
[σi, σj ] = 2iεijkσk
{σi, σj} = 2δij1

S−1
Λ γµSΛ = Λµνγν
⌈
Ψ′
⌋
x′

= SΛ dΨcx(x′)⌈
Ψ′
⌋
x′

=
⌈
Ψ
⌋
x(x′) S

−1
Λ

SΛ = exp
(
− i2ωαβΣαβ

)
Σαβ = i

4
[
γα, γβ

]
ωαβ ∼


0 ξ1 ξ2 ξ3
−ξ1 0 θ3 θ2
−ξ2 −θ3 0 θ1
−ξ3 −θ2 −θ1 0



Parity operator→
{
Pψ def= γ0ψ (t,−x)
Pψ = ψ (t,−x)γ0

γ5 = iγ0γ1γ2γ3→ Quiralidad P± = 1± γ5

2 h = Σ·p̂→ Helicidad

Box 5 - Fórmulas de formulación lagrangiana

Noether→


εJµ =

∑
i

∂L

∂ (∂µφi)
δφi (ε) + F (ε) µ

δL = ∂µF
µ ε→ 0 es el parámetro

∂µ
∂L

∂ (∂µφ) = ∂L

∂φ

LDirac = Ψ (iγµ∂µ −m) Ψ
LKG = ∂µφ

∗∂µφ−m2φ∗φ

Box 6 - Fórmulas gauge no abeliano

Dµ
def= ∂µ + igAµ Ω def= exp (−igαa (x)Ta) D′µ = ΩDµΩ−1 Aµ ≡ AaµTa A′aµ = Aaµ −

1
g
∂µα

a

T †a = Ta [Ta, Tb] = ifabcT
c fabc totalmente antisimétrico para su (N)

A′µ = ΩAµΩ−1 − 1
ig

(∂µΩ) Ω−1 ⇒ (Aaµ)′ = Aaµ + ∂µα
a + gαbAcµf

a
bc

Gµν
def= 1
ig

[Dµ, Dν ] ≡ Fµν + ig [Aµ, Aν ] = GaµνTa = Gµν · T
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1 FÓRMULAS

Gaµν = ∂µG
a
ν − ∂νGaµ − gfabcGbµGcν (Gaµ)′ = Gaµ −

1
g
∂µα

a − fabcαbGcµ (Gµν)′ = ΩGµνΩ−1

LYM = (DµΦ)† (DµΦ)−m2Φ†Φ− 1
2Tr (GµνGµν)

Box 7 - Fórmulas modelo estándar



LQCD =
∑

q∈quarks
(qiγµDSµq)−

1
4G

a
µνGa

µν

LEW =
∑

Ψ∈dobeltes E.W.

(
ΨLiγ

µD
(Ψ)
L µΨL + ΨRiγ

µD
(Ψ)
R ΨR

)
− 1

4BµνB
µν − 1

4W
a
µνWa

µν

LHiggs = (DhµΦ)† (Dh
µΦ)− λ

(
Φ†Φ− v2

2

)2

+ Ge
(
ΨLΦψR + ψRΦ†ΨL

)︸ ︷︷ ︸
Leptones

+ Gu

(
qL
h+ v√

2
qR + qR

h+ v√
2
qL

)
︸ ︷︷ ︸

Quarks

quarks = {u, d, c, s, t, b} u ≡

 ured
ugreen
ublue

 , d = . . .

dobletes E.W. =
{[
νe
e

]
,

[
νµ
µ

]
,

[
ντ
τ

]
,

[
u
d′

]
,

[
c
s′

]
,

[
t
b′

]}
Φ =

[
φ+

φ0

]
∈ C2,Φ→

[ 0
h+v√

2

]
d′s′
b′

 =

C a b
i b b
/ o ,

ds
b



Gauge fields→


Bµν = ∂µBν − ∂νBµ → B field ∃!

W a
µν ∼W µν = ∂µW ν − ∂νW µ −

gw
2 W µ ×W ν →Weakons a ∈ {1, 2, 3}

Gaµν = ∂µG
a
ν − ∂νGaµ −

gs
2 f

a
bcG

b
µG

c
ν → Gluons a ∈ {1, . . . , 8}

Notaciones habituales→
{
Wµν ≡W a

µνσa ≡W µν · σ
Gaµν ≡ Gaµνλa


W a

µνWa
µν ≡ 1

2Tr (WµνW
µν)

GaµνGa
µν ≡ 1

2Tr (GµνGµν)

Strong gauge: DSµ = ∂µ + i
gs
2 G

a
µλa [Ta, Tb] = ifabcT

c ⇒ Tstrong = λ, Tweak = σ

Electroweak gauge:


D

(Ψ)
L µ = ∂µ + i

g′

2 Y
(Ψ)
L Bµ + i

gw
2 σaW

a
µ → Left components

D
(Ψ)
R µ = ∂µ + i

g′

2 Y
(Ψ)
R Bµ → Right components

Higgs gauge: Dhµ = ∂µ + i
g′

2 YhBµ + i
gw
2 σaW

a
µ

Hypercharge→


Y

(Ψ)
L =

[
y

(Ψ)
L1

y
(Ψ)
L2

]
∈ R2

Y
(Ψ)
R =

[
y

(Ψ)
R1

y
(Ψ)
R2

]
∈ R2

Y
(leptones)
L =

[
−1

−1

]
Y

(leptones)
R =

[
0
−2

]
Y

(quarks)
L =

[ 1
3 1

3

]
Y

(quarks)
R =

[ 4
3
− 2

3

]
Yh = 1

[
Bµ
W 3

µ

]
=
[
cos θW − sin θW
sin θW cos θW

]
︸ ︷︷ ︸

M−1=MT

[
Aµ
Zµ

] [
W 1

µ

W 2
µ

]
= 1√

2

[
1 1
i −i

] [
W+

µ

W−µ

] {
ΨL = PLΨ
ΨR = PRΨ


PL = 1− γ5

2

PR = 1+ γ5

2
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1 FÓRMULAS

| e | = g′ cos θW = gw sin θW = Qψ −Qν L = · · ·+Qψψγ
µψAµ + . . .

Qlepton
up-type = 0 Qquark

up-type = −2
3 | e |

Qlepton
down-type = | e | Qquark

down-type = 1
3 | e |

mW = vgw
2 mz = v

2
√
g2
w + g′2 mA = 0 me = Gev√

2

Box 8 - Vértices modelo estándar

para leptones para quarks
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